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(57) ABSTRACT

An organic light-emitting device includes a first transparent
substrate, an organic light-emitting diode and a bi-stable light
control element. The organic light-emitting diode is disposed
under the first transparent substrate. The bi-stable light con-
trol element is disposed under the organic light-emitting
diode. The bi-stable light control element is configured to
change an optical state thereof according to a received control
signal and thereby changing the amount of lights capable of
emitting through the bi-stable light control element. A control
method for the aforementioned organic light-emitting device
is also provided.
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provide a control signal to the
bi-stable light control element

~ 5501

configure the organic
light-emitting diode to be operated
in a non-illumination state when  ~ S503
the bi-stable control element
presents a first optical state

configure the organic
light-emitting diode to be operated
in an i1llumination state when the |~ S505
bi-stable control element presents
a second optical state

FIG. 5
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1
ORGANIC LIGHT-EMITTING DEVICE AND
CONTROL METHOD THEREOF

TECHNICAL FIELD

The present disclosure relates to a light-emitting device
and a control method thereof, and more particularly to an
organic light-emitting device having a higher light extraction
efficiency or a higher transmittance efficiency and a control
method thereof.

BACKGROUND

In a recent year, organic light-emitting diodes, due to
advantages such as self illumination, fast response speed and
low power consumption, have been widely used in display
and illumination applications. Generally, the organic light-
emitting diode can be categorized to a top-emitting type, a
bottom-emitting type and a two side-emitting type.

Please refer to FIG. 1, which is a schematic cross-sectional
structure view of a bottom-emitting-type organic light-emit-
ting diode in accordance with prior art. As shown, the bottom-
emitting-type organic light-emitting diode 100 includes a
metal layer 10, an organic light-emitting layer 12, a transpar-
ent conductive layer 14 and a transparent substrate 16.

When the organic light-emitting diode 100 is supplied with
a specific voltage, electrons (not shown) and electron-holes
(not shown) are combined to each other and emit lights with
various emission angles (for example, lights 121, 123 and
125). Because the organic light-emitting layer 12 has an opti-
cal refraction smaller than that of the transparent conductive
layer 14, the lights 121, 123 and 125 each can successfully
emit into the transparent conductive layer 14 from the organic
light-emitting layer 12.

Then, because the organic light-emitting layer 14 has an
optical refraction greater than that of the transparent substrate
16, the light 121 with a relatively large emission angle in the
transparent conductive layer 14 is totally reflected back to the
transparent conductive layer 14 or even the organic light-
emitting layer 12 from a surface between the transparent
conductive layer 14 and the transparent substrate 16, and
hardly emits to the air 18. Base on the same manner, because
the organic light-emitting layer 14 has an optical refraction
greater than that of the air 18, the light 123 with a relatively
large emission angle in the transparent substrate 16 is totally
reflected back to the transparent substrate 16 or even the
transparent conductive layer 14 from a surface between the
transparent substrate 16 and the air 18. Accordingly, only the
light 125 with a relatively small emission angle can emit into
the air 18 sequentially through the organic light-emitting
layer 12, the transparent conductive layer 14 and the trans-
parent substrate 16. Thus, the light coupling efficiency from
the inner to the outer (or, the air 18) of the organic light-
emitting diode 100 is only about 15% to 20%, if without any
optical compensate design.

Today, in some optical compensate designs, an optical
diffusion film is disposed at one side of the organic light-
emitting diode 100 (specifically, the bottom surface of the
transparent substrate 16) so as to enhance the light extraction
efficiency of the organic light-emitting diode 100.

SUMMARY OF DISCLOSURE

Therefore, one object of the present disclosure is to provide
an organic light-emitting device and a control method
thereof. The organic light-emitting device includes a bi-stable
light control element disposed at one side of an organic light-
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emitting diode therein. Through the bi-stable light control
element, the light extraction efficiency and the transmittance
of'the organic light-emitting device can be modulated accord-
ing to a specific requirement.

The present disclosure provides an organic light-emitting
device, which includes a first transparent substrate, an organic
light-emitting diode and a bi-stable light control element. The
organic light-emitting diode is disposed under the first trans-
parent substrate. The bi-stable light control element is dis-
posed under the organic light-emitting diode. The bi-stable
light control element is configured to change an optical state
thereof according to a received control signal so as to change
the amount of lights capable of emitting through the bi-stable
light control element.

The present disclosure further provides a control method
for the organic light-emitting device. The control method
includes steps of: providing a control signal to the bi-stable
light control element to change an optical state thereof and
thereby changing the amount of lights capable of emitting
through the bi-stable light control element; configuring the
organic light-emitting diode to be operated in a non-illumi-
nation state when the bi-stable control element presents a first
optical state; and configuring the organic light-emitting diode
to be operated in an illumination state when the bi-stable
control element presents a second optical state.

In summary, according to the organic light-emitting device
and a control method thereof of the present disclosure, the
bi-stable light control element is disposed at one side of the
organic light-emitting diode. When the bi-stable light control
element is configured to present the first optical state accord-
ing to a specific requirement, the external lights can pass
through the organic light-emitting device so as to increase the
transmittance of the organic light-emitting device. Alterna-
tively, when the bi-stable light control element is configured
to present the second optical state according another require-
ment, the lights emitted from the two side-emitting-type
organic light-emitting diode can be concentrated and extract-
ing from one side of the organic light-emitting device so as to
increase the light extraction efficiency of the organic light-
emitting diode.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more readily apparent
to those ordinarily skilled in the art after reviewing the fol-
lowing detailed description and accompanying drawings, in
which:

FIG. 1 is a schematic cross-sectional structure view of an
organic light-emitting device in accordance with prior art;

FIG. 2 is a schematic cross-sectional structure view of an
organic light-emitting device in accordance with a first
embodiment of the present disclosure;

FIG. 3 is an alternative schematic cross-sectional structure
view of the organic light-emitting device in accordance with
the first embodiment of the present disclosure;

FIG. 4 is a schematic cross-sectional structure view of an
organic light-emitting device in accordance with a second
embodiment of the present disclosure; and

FIG. 5 is a schematic flow chart illustrating a control
method for the organic light-emitting device in accordance
with an embodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

The present disclosure will now be described more specifi-
cally with reference to the following embodiments. It is to be
noted that the following descriptions of preferred embodi-



US 9,129,917 B2

3

ments of this disclosure are presented herein for purpose of
illustration and description only. It is not intended to be
exhaustive or to be limited to the precise form disclosed.

Please refer to FIG. 2, which is a schematic cross-sectional
structure view of an organic light-emitting device in accor-
dance with a first embodiment of the present disclosure. As
shown, the organic light-emitting device 200 includes a first
transparent substrate 20, an organic light-emitting diode 218,
a second transparent substrate 22, a bi-stable light control
element 24 and a sealant 26.

The first transparent substrate 20 has a top surface (not
designated) and a bottom surface (not designated). Prefer-
ably, the first transparent substrate 20 is made of glass mate-
rials or other substrate materials with a transmittance
approximately greater than or equal to 80%. Preferably, in the
present embodiment the transmittance of the first transparent
substrate 20 is about 90%.

The organic light-emitting diode 218 is disposed under the
bottom surface of the first transparent substrate 20. The
organic light-emitting diode 218 includes a first electrode
210, an organic light-emitting layer 212 and a second elec-
trode 214. The first electrode 210 can be formed in a deposi-
tion manner and disposed on the top surface of the second
transparent substrate 22.

The organic light-emitting layer 212 is disposed on the top
surface of the first electrode 210, and is constituted by an
electron-hole transport layer (not shown), a light-emitting
layer (not shown) and an electron transport layer (not shown).

The second electrode 214 can be formed in a sputter or a
deposition manner and disposed on the top surface of the
organic light-emitting layer 212. The second electrode 214
can have materials similar to or same as the first electrode 210
has. Preferably, the first electrode 210 and the second elec-
trode 214 each are made of a transparent conducting oxide
(TCO) or a thin metal. The TCO includes, with no limitation,
an indium tin oxide (ITO), an indium zinc oxide (IZO), an
aluminum-doped zinc oxide (AZO), a gallium zinc oxide
(GZO) or indium molybdenum oxide (IMO), etc. The thin
metal includes argentum (Ag), aluminum (Al) or an Ag—Al
alloy, etc. The organic light-emitting layer 212 is configured
to emit lights (or, configured in an illumination state) when
the first electrode 210 and the second electrode 214 are sup-
plied with proper voltages. The organic light-emitting diode
218 in FIG. 2 is exemplified by being configured not to emit
lights (or, configured in a non-illumination state).

The second transparent substrate 22 has a top surface (not
designated) and a bottom surface (not designated). Prefer-
ably, the second transparent substrate 22 is made of glass
materials or other substrate materials with a transmittance
approximately greater than or equal to 80%. In the present
embodiment, the second transparent substrate 22 is disposed
under the organic light-emitting diode 218 and preferably has
a transmittance of 90%.

The sealant 26 is disposed between the first transparent
substrate 20 and the second transparent substrate 22 and at
one side of the organic light-emitting diode 218. Specifically,
the sealant 26 is disposed at an edge of the organic light-
emitting diode 218 so as to wrap a side surface of the organic
light-emitting diode 218. The sealant 26 is, for example,
constituted by inorganic particles having polymer materials
or produced by glass powder sintering. The inorganic par-
ticles includes, with no limitation, SiO,, BaO, Bi,0;, Al,O;,
Ti0O,, TaO5 or ZnO.

As shown in FIG. 2, the bi-stable light control element 24
is disposed under the second transparent substrate 22. Pref-
erably, a third electrode 240 is disposed on the bottom surface
of the second transparent substrate 22 so as to prevent a gap
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from being formed therebetween and resulting in reflection or
deflection lights. The bi-stable light control element 24 is
configured to have a surface area equal to that of the second
transparent substrate 22. The bi-stable material in the bi-
stable light control element 24 is an electrochromic material,
a cholesterol liquid crystal (CHLC) material or a polymer
dispersed liquid crystal (PDLC) material. Preferably, the
third electrode 240 is configured to have an optical refraction
ratio smaller than or equal to that of the second transparent
substrate 22, so as to prevent the light 30 from being totally
reflected while being emitted from the third electrode 240 to
the second transparent substrate 22. It is understood that, the
second transparent substrate 22 can be omitted and accord-
ingly the bi-stable light control element 24 is directly dis-
posed on the bottom surface of the first electrode 210 in a
specific organic light-emitting diode manufacture process-
ing.

In another embodiment of the present disclosure, it is
understood that the bi-stable light control element 24 can be
disposed on the top surface of the first transparent substrate 20
if the organic light-emitting device 200 is configured to have
one surface of the second transparent substrate 22 as its light-
emitting surface. Moreover, the fourth electrode 242 is dis-
posed on the top surface of the second transparent substrate
22; the fourth electrode 242 is configured to have an optical
refraction ratio less than or equal to that of the first transparent
substrate 20, preferably.

As shown in FIG. 2, the bi-stable light control element 24
includes the third electrode 240, the fourth electrode 242 and
a plurality of liquid materials 244, which are distributed
between the third electrode 240 and the fourth electrode 242.
The third electrode 240 and the fourth electrode 242 are
configured to be electrically coupled to a power source 28.
According to a control signal (for example, a voltage or a
voltage level) provided by the power source 28, the bi-stable
light control element 24 is configured to control the arrange-
ment of the liquid materials 244, so as further to control the
optical state (e.g., a first optical state or a second optical state)
it presents.

In the case of the liquid material 244 is PDLC, when the
control signal is 5V or with a high voltage level, these liquid
materials 244 are driven to be approximately parallel to the
light 30 and accordingly the bi-stable light control element 24
is defined to have (or, present) the first optical state (or, a
transparent state). Herein, the first optical state indicates that
the bi-stable light control element 24 has a transmittance
greater than or equal to 80%. Moreover, it is understood that
the relationship between the control signal and the arrange-
ment of the liquid materials 244 described above is used for an
illustration only and without any limitation.

Therefore, the bi-stable light control element 24 is config-
ured to present the first optical state (or, is configured to have
a transmittance approximately greater than or equal to 80%)
when being supplied with a specific control signal (for
example, a first control voltage V1). Thus, the transmittance
of the organic light-emitting device 200 is modulated corre-
spondingly. Moreover, when the bi-stable light control ele-
ment 24 presents the first optical state, the organic light-
emitting diode 218 can be configured in a non-illumination
state so as to reduce the power consumption.

Please refer to FIG. 3, which is an alternative cross-sec-
tional schematic structure view of the organic light-emitting
device 200 in accordance with the first embodiment of the
present disclosure. As shown, when the power source 28 is
configured to supply a control signal of OV (or, the bi-stable
light control element 24 is not powered) or with a low voltage
level, these liquid materials 244 are arranged irregularly and
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the light 30 emitting to the bi-stable light control element 24
will be reflected by the liquid materials 244. Accordingly the
bi-stable light control element 24 is defined to have (or,
present) the second optical state (or, a diffusion or an opaque
state). Herein, the second optical state indicates that the bi-
stable light control element 24 has an optical reflectance
greater than or equal to 60%. Moreover, it is understood that
the relationship between the control signal and the arrange-
ment of the liquid materials 244 described above is used for an
illustration only and without any limitation.

Therefore, the bi-stable light control element 24 is config-
ured to present the second optical state when being supplied
with a specific control signal (for example, a second control
voltage V2). Thus, some of the lights emitted from the organic
light-emitting layer 212 will be reflected from the bi-stable
light control element 24 and toward the first transparent sub-
strate 20. Accordingly, the light extraction (e.g., the amount
of light 32) of the first transparent substrate 20 increases.
Simultaneously, because the bi-stable light control element
24 can function as a diffusion film when presenting the sec-
ond optical state, the lights trapped in the organic light-emit-
ting diode 218 can be reflected from the bi-stable light control
element 24 and toward the first transparent substrate 20, and
the light extraction of the first transparent substrate 20 further
increases. Moreover, when the bi-stable light control element
24 presents the second optical state, the organic light-emitting
diode 218 can be configured to emit lights (in an illumination
state) so as to increase an illumination of one side of the first
transparent substrate 20.

Briefly, as illustrated in FIG. 3, when the bi-stable light
control element 24 is not powered, the liquid materials 244
between the third electrode 240 and the fourth electrode 242
are irregularly arranged; thus, without emitting through the
bi-stable light control element 24, the light 2120 from the
organic light-emitting layer 212 is reflected from the bi-stable
light control element 24 and emits to the first transparent
substrate 20. Meanwhile, the bi-stable light control element
24 is, for example, white and opaque. Therefore, the
increased lights emitting out from one surface of the first
transparent substrate 20 not only includes the lights reflected
from the second transparent substrate 22, but also includes the
lights, originally trapped inside the organic light-emitting
diode 218 and then successfully extracting cause the incident
angle being less than a critical angle. Thus, the light extrac-
tion efficiency of the first transparent substrate 20 increases.
Herein, the organic light-emitting layer 212 is configured to
have an optical refraction about 1.7; the first electrode 210
and the second electrode 214 each are configured to an optical
refraction about 2.0; and the first transparent substrate 20 and
the second transparent substrate 22 each are configured to
have an optical refraction about 1.5.

Alternatively, as illustrated in FIG. 2, when the bi-stable
light control element 24 is powered, the liquid materials 244
between the third electrode 240 and the fourth electrode 242
are driven to be parallel to an electrical field and the light 30
can successfully emit through the bi-stable light control ele-
ment 24. Meanwhile, the bi-stable light control element 24 is,
for example, colorless and transparent.

Please refer to FIG. 4, which is a schematic cross-sectional
structure view of an organic light-emitting device in accor-
dance with of a second embodiment of the present disclosure.
As shown, the organic light-emitting device 400 has a struc-
ture similar to that of the organic light-emitting device 200;
and the main difference between the two is: in the second
embodiment, the bi-stable light control element 40 is config-
ured to have a surface area greater than that of the first trans-
parent substrate 20; wherein the surface area of the bi-stable
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light control element 40 includes the surface areas of the third
electrode 42 and the fourth electrode 44. In addition, the
bi-stable light control element 40 is, with no limitation, con-
figured to have liquid materials 46 more than the liquid mate-
rials 244 in the bi-stable light control element 24. A touch
layer 29 is disposed on the first transparent substrate 20. The
touch layer 29 is, for example, an impedance, a capacitance,
a light-sensing, an electromagnetic, a supersonic or an in-cell
liquid crystal display (LCD). The touch layer 29 is configured
to sense a touch state corresponding to a user’s operation.

Alternatively, the bi-stable light control element 40 can be
configured to have a surface area smaller than that of the
second transparent substrate 22. In addition, the bi-stable
light control element 40 can be designed to have a portion
thereof present the first optical state and another portion
thereof present the second optical state in response to a spe-
cific design requirement.

FIG. 5 is a schematic flow chart of a control method for the
aforementioned organic light-emitting device in accordance
with an embodiment of the present disclosure. Please refer to
FIGS. 2, 3 and 5. Firstly, a control signal is provided to the
bi-stable light control element 24 to change an optical state
thereof and thereby changing the amount of lights capable of
emitting through the bi-stable light control element 24
(S501).

Then, the organic light-emitting diode 218 is configured to
be operated in a non-illumination state when the bi-stable
control element 24 presents the first optical state (for
example, a transparent structure) (S503). In another embodi-
ment of the present disclosure, the organic light-emitting
diode 218 is configured to be operated in a non-illumination
state when the bi-stable control element 24 presents a opaque
or a diffusion structure.

The organic light-emitting diode 218 is configured to be
operated in a illumination state when the bi-stable control
element 24 presents the second optical state (for example, a
opaque or a diffusion structure) (S505).

To sum up, in the organic light-emitting device and the
control method thereof according to the present disclosure, a
bi-stable light control element is disposed on one side of an
organic light-emitting diode. According to an actual require-
ment, the bi-stable light control element can be configured to
present a first optical state thereby external lights can emit
through the organic light-emitting device; and thus, the trans-
mittance of the organic light-emitting device is modulated.
Alternatively, the organic light-emitting device can be con-
figured to present a second optical state thereby concentrating
the lights, emitted from a two side-emitting-type organic
light-emitting diode, to emit out from one side of the organic
light-emitting device; and thus, the light extraction efficiency
of the organic light-emitting diode.

While the disclosure has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the disclosure needs
not be limited to the disclosed embodiment. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. An organic light-emitting device, comprising:

a first transparent substrate;

an organic light-emitting diode disposed under the first

transparent substrate; and

a bi-stable light control element disposed under the organic

light-emitting diode and configured to change an optical
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state thereof according to a control signal so as to change
the amount of incident lights outside the organic light-
emitting device capable of passing through the bi-stable
light control element.

2. The organic light-emitting device according to claim 1,
further comprising a second transparent substrate disposed
between the organic light-emitting diode and the bi-stable
light control element.

3. The organic light-emitting device according to claim 1,
wherein the optical state presents a first optical state or a
second optical state according to a voltage level of the control
signal.

4. The organic light-emitting device according to claim 3,
wherein the first optical state indicates that the bi-stable light
control element is configured to be transparent, the second
optical state indicates that the bi-stable light control element
is configured to be opaque.

5. The organic light-emitting device according to claim 3,
wherein the bi-stable light control element presents the first
optical state when the control signal is configured to be a first
control voltage.

6. The organic light-emitting device according to claim 5,
wherein the first-optical-state bi-stable light control element
has a transmittance approximately greater than or equal to
80%.

7. The organic light-emitting device according to claim 3,
wherein the bi-stable element presents the second optical
state when the control signal is configured to be a second
control voltage.

8. The organic light-emitting device according to claim 7,
wherein the second-optical-state bi-stable light control ele-
ment has a reflectance approximately greater than or equal to
60% and a haze approximately greater than or equal to 10%.

9. The organic light-emitting device according to claim 3,
wherein the organic light-emitting diode is configured in a
non-illumination state when the bi-stable control element
presents the first optical state.

10. The organic light-emitting device according to claim 3,
wherein the organic light-emitting diode is configured in an
illumination state when the bi-stable control element presents
the second optical state, and lights emitted from the organic
light-emitting diode are reflected by the second-optical-state
bi-stable light control element and emit in a direction toward
the first transparent substrate.

11. The organic light-emitting device according to claim 1,
wherein the bi-stable light control element is configured to
have a surface area greater than or equal to that of the first
transparent substrate.

12. The organic light-emitting device according to claim 2,
wherein the bi-stable light control element is configured to
have a surface area greater than or equal to that of the first
transparent substrate.

13. The organic light-emitting device according to claim 2,
wherein a sealant is disposed between the first and second
transparent substrates and a side surface of the organic light-
emitting diode.

14. The organic light-emitting device according to claim 2,
wherein the organic light-emitting diode comprises:

a first transparent electrode disposed on the second trans-

parent substrate;
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an organic light-emitting layer disposed on the first trans-

parent electrode; and

a second transparent electrode disposed on the organic

light-emitting layer.
15. The organic light-emitting device according to claim 1,
further comprising a touch layer disposed on the first trans-
parent substrate.
16. An control method for an organic light-emitting device,
the organic light-emitting device comprising a bi-stable light
control element and a organic light-emitting diode, the con-
trol method comprises steps of:
providing a control signal to the bi-stable light control
element to change an optical state and changing the
amount of incident lights outside the organic light-emit-
ting device capable of passing through the bi-stable light
control element;
configuring the organic light-emitting diode to be operated
in a non-illumination state when the bi-stable control
element presents a first optical state that enables the
incident lights outside the organic light-emitting device
passing through the bi-stable light control element; and

configuring the organic light-emitting diode to be operated
in an illumination state when the bi-stable control ele-
ment presents a second optical state.

17. The control method for an organic light-emitting device
according to claim 16, wherein the first optical state indicates
that the bi-stable light control element is configured to be
transparent, the second optical state indicates that the bi-
stable light control element is configured to be opaque.

18. The control method for an organic light-emitting device
according to claim 16, wherein the bi-stable light control
element presents the first optical state when the control signal
is configured to be a first control voltage, and the first-optical-
state bi-stable light control element has a transmittance
greater than or equal to 80%; wherein the bi-stable element
presents the second optical state when the control signal is
configured to be a second control voltage, and the second-
optical-state bi-stable light control element has a reflectance
approximately greater than or equal to 60% and a haze
approximately greater than or equal to 10%.

19. An organic light-emitting device, comprising:

a first transparent substrate;

an organic light-emitting diode disposed under the first

transparent substrate; and

a bi-stable light control element disposed under the organic

light-emitting diode and configured to change an optical
state thereof according to a control signal so as to change
the amount of lights capable of emitting through the
bi-stable light control element;

wherein the bi-stable light control element is configured to

have a surface area greater than or equal to that of the
first transparent substrate.

20. The organic light-emitting device according to claim
19, wherein the optical state presents a first optical state or a
second optical state according to a voltage level of the control
signal, the bi-stable light control element presents the first
optical state when the control signal is configured to be a first
control voltage.



